Background-␤-Blockade-induced benefit in heart failure (HF) could be related to baseline heart rate and treatmentinduced heart rate reduction, but no such relationships have been demonstrated. Methods and Results-In CIBIS II, we studied the relationships between baseline heart rate (BHR), heart rate changes at 2 months (HRC), nature of cardiac rhythm (sinus rhythm or atrial fibrillation), and outcomes (mortality and hospitalization for HF). Multivariate analysis of CIBIS II showed that in addition to ␤-blocker treatment, BHR and HRC were both significantly related to survival and hospitalization for worsening HF, the lowest BHR and the greatest HRC being associated with best survival and reduction of hospital admissions. No interaction between the 3 variables was observed, meaning that on one hand, HRC-related improvement in survival was similar at all levels of BHR, and on the other hand, bisoprolol-induced benefit over placebo for survival was observed to a similar extent at any level of both BHR and HRC. Bisoprolol reduced mortality in patients with sinus rhythm (relative risk 0.58, PϽ0.001) but not in patients with atrial fibrillation (relative risk 1.16, PϭNS). A similar result was observed for cardiovascular mortality and hospitalization for HF worsening. Conclusions-BHR and HRC are significantly related to prognosis in heart failure. ␤-Blockade with bisoprolol further improves survival at any level of BHR and HRC and to a similar extent. The benefit of bisoprolol is questionable, however, in patients with atrial fibrillation.
T he benefit of treatment with ␤-blockers in heart failure is now well established, in view of the concordant results of several clinical trials with different compounds. [1] [2] [3] [4] The amplitude of benefit may vary, however, according to the baseline characteristics of patients and the pharmacological properties of ␤-blockers, as suggested by the results of the BEST trial with bucindolol. 5 Possible relationships between heart rate change, left ventricular function improvement, and prognosis were suggested by the first CIBIS trial. 6, 7 Experimental data have shown that the ␤-blocker-induced benefit for left ventricular function in heart failure could depend on only heart rate reduction. 8 To further study the mechanism of ␤-blockade benefit in heart failure and to identify the best responders to such therapy, we studied the relationships between baseline parameters (including the level and nature of cardiac rhythm: sinus rhythm or atrial fibrillation), bisoprolol-induced hemodynamic changes with time (especially heart rate changes), and outcomes (survival and hospitalization for heart failure) in CIBIS II. 3 
Methods

Population and Studied Parameters
Demography and the main results of the CIBIS II trial have been published. 3 Patients could be divided at inclusion into 3 groups according to the nature of their cardiac rhythm: sinus rhythm, atrial fibrillation, and a third, small group including patients not in sinus rhythm but with supraventricular arrhythmias other than atrial fibrillation or with pacemakers. The third, much smaller group of other cardiac rhythms, 108 patients in CIBIS II (4%), was excluded from this analysis. These patients behaved similarly to patients in sinus rhythm.
Heart rate was measured at baseline and during follow-up visits by pulse rate measurement (especially in atrial fibrillation) or on ECG recording at rest in the supine position. Each recorded value of heart rate and blood pressure was the mean of 3 measurements at each visit. Blood pressure was measured by use of a sphygmomanometer.
Heart rate and blood pressure changes were those recorded between baseline and 2 months after inclusion. A similar delay was used previously in the CIBIS I study. 7 In CIBIS II, the bisoprolol dose was started at 1.25 mg and increased by 1-week steps to 2.5, 3.5, and 5 mg and by 1-month steps to 7.5 and 10 mg.
Multivariate Analyses
Relationships between baseline parameters, heart rate change, blood pressure change, and outcomes (all-cause mortality, cardiovascular mortality, and hospitalization for heart failure worsening) were studied. Such multivariate analysis, using heart rate and blood pressure changes recorded at 2 months among covariates, therefore excluded patients who died within the first 2 months after inclusion.
Study of Hemodynamic Changes Over Time
Heart rate and blood pressure were recorded during each follow-up visit. In both study treatment groups, we compared heart rate and blood pressure changes between baseline and 2 months after inclusion in patients in sinus rhythm and in atrial fibrillation.
Statistical Analysis
Comparisons of baseline variables between groups were performed with Student's t tests for continuous variables and 2 tests for categorical variables. The level of significance was set at a value of PϽ0.05.
Kaplan-Meier survival curves were calculated for the placebo and bisoprolol groups in patients with sinus rhythm and atrial fibrillation.
Univariate and multivariate analyses were computed with Cox's proportional-hazards regression model. The variables that were included in the multivariate analysis were those related to survival in the univariate analysis at value of PϽ0. 10 .
As a complementary analysis, survival curves in the different subgroups defined by the tertiles of baseline heart rate and heart rate change at 2 months were compared between placebo and bisoprolol by use of the log-rank test. One-year survivals were those provided by Kaplan-Meier estimates.
Heart rate and blood pressure changes between baseline and 2 months after inclusion were compared between placebo and bisoprolol groups by Student's t test in patients surviving at 2 months.
All statistical analyses were performed with SAS software.
Results
Demography
The demography of patients according to cardiac rhythm and study treatment group at baseline is presented in Table 1 . Few significant differences were found between cardiac rhythm groups (see Table 1 ). Patients with atrial fibrillation were more often treated with digitalis, amiodarone, and anticoagulants. Among each cardiac rhythm group, no differences were recorded between placebo and bisoprolol groups except for baseline heart rate, which was significantly lower in atrial 
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fibrillation in patients randomized to bisoprolol than in those randomized to placebo (Table 1) . Mean doses of bisoprolol were similar in patients with sinus rhythm and atrial fibrillation at the different times during the study (2, 6, 12, and 24 months).
Hemodynamic Changes
Two months after inclusion, heart rate decrease (baseline to 2 months) was 0.2Ϯ13.7 bpm (placebo) and 9.8Ϯ14.7 bpm (bisoprolol), PϽ0.0001; systolic blood pressure reduction was 2.3Ϯ16.4 mm Hg (placebo) and 4.1Ϯ16.4 mm Hg (bisoprolol), Pϭ0.001; and diastolic blood pressure decrease was 0.9Ϯ10.9 mm Hg (placebo) and 2.6Ϯ10.7 mm Hg (bisoprolol), PϽ0.0001.
Multivariate Analysis
Because patients who died during the first 2 months after inclusion and patients without sinus rhythm or atrial fibrillation were excluded from this multivariate analysis, only 2184 patients were included for this analysis, with 282 deaths during follow-up.
Parameters significantly related to survival in the Cox multivariate analysis are presented in Table 2 . The baseline heart rate and heart rate change after the first 2 months of treatment were both significantly related to further survival in both univariate and multivariate analyses. The best prognosis was obtained with the lowest baseline heart rate and with the greatest heart rate reduction. No interaction was found between study treatment and either baseline heart rate or heart rate change, meaning that the benefit of bisoprolol on survival was not influenced by the level of baseline heart rate or by the extent of heart rate reduction. In addition, no interaction was found between heart rate change-related survival improvement and baseline heart rate. The nature of cardiac rhythm at baseline was not related to survival. Survival curves of placebo groups comparing patients in sinus rhythm with those in atrial fibrillation were completely superimposed. Interaction between treatment and rhythm, however, was significant (PϽ0.01): a benefit of bisoprolol was obtained only in patients with sinus rhythm and was questionable in patients with atrial fibrillation (Figures 1 and 2) . Results are given in Risk ratios indicate % change of risk per unit of change of the covariate: For example, risk ratio for mortality of 1.015 for baseline heart rate means an increase of mortality of 1.5% when baseline heart rate increases by 1 bpm. A risk ratio of 0.98 for heart rate reduction means reduction of mortality of 2% when heart rate decreases with time (2 months) by 1 bpm. A risk ratio of 1.725 for NYHA (IV vs III) means a 72.5% increase of risk in NYHA class IV compared to NYHA class III. Similar results were obtained for cardiovascular deaths and hospitalizations for heart failure worsening (Tables 2 and 3) , with a similar significant interaction between treatment effect and nature of cardiac rhythm.
The multivariate analysis also showed that the probability of death or hospitalization for heart failure worsening decreased with increasing values of baseline systolic blood pressure but increased when systolic blood pressure decreased at 2 months. A diastolic blood pressure decrease at 2 months, however, was associated with fewer hospitalizations. Digoxin treatment was neutral on mortality but was associated with 39% more hospitalizations (PϽ0.001); amiodarone treatment appeared to be associated with a poorer prognosis (Pϭ0.06) and more frequent hospitalizations (PϽ0.001).
Patients on digoxin at baseline presented with a more altered left ventricular function, with a higher heart rate, and more often in atrial fibrillation than patients without digoxin treatment. Patients receiving amiodarone had a slightly more severe alteration of left ventricular function than patients without amiodarone treatment. Both digoxin and amiodarone treatments were equally distributed among placebo and bisoprolol groups (Table 1) .
Finally, women were at significantly lower risk of death than men.
Distribution of Heart Rate Change, Baseline Heart Rate, and 1-Year Mortality Estimates (Kaplan-Meier)
Patients were split into 3 tertiles of distribution of baseline heart rate and heart rate change at 2 months, obtained in the entire population of patients (both treatment groups). The limits of the tertiles were Յ72, between 72 and Յ84, and Ͼ84 bpm for baseline heart rate and Ͻ0 (heart rate increase), Ն0 and Ͻ11 (moderate heart rate reduction), and Ն11 (great heart rate reduction) bpm for heart rate change at 2 months. The distribution of patients according to heart rate change at 2 months according to study treatment is given in Figure 3 . As expected, the highest amplitude of heart rate decrease was more often recorded in the bisoprolol group, with no difference in dose between the 3 tertiles. Such results, however, can be obtained even in patients with a low baseline heart rate. The highest heart rate reduction with lowest baseline heart rate occurred in 8.5% of patients in the bisoprolol group and in 1.3% in the placebo group.
Bisoprolol-induced mortality reduction was similar at all levels of heart rate reduction (Figure 4 ). These results demonstrate that for a given heart rate reduction, bisoprolol treatment further reduced mortality to a similar extent whatever the amplitude of heart rate reduction. Probability values of log-rank tests comparing survival in the 3 tertiles of heart rate change were PϽ0.04 (heart rate reduction Ն11 bpm), PϽ0.02 (heart rate reduction between 0 and 11 bpm), and PϽ0.04 for heart rate increase (heart rate change Ͻ0 bpm).
Bisoprolol-induced survival improvement was significant and similar whatever the levels of baseline heart rates, 
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without interaction between study treatment group and baseline heart rate (tested in the multivariate analysis, Figure 5 ). Probability values of log-rank tests comparing survival between placebo and bisoprolol were Pϭ0.01, Pϭ0.03, and Pϭ0.001 for the 3 tertiles of baseline heart rate (from highest to lowest baseline heart rate).
Heart Rate and Blood Pressure Changes With Time According to Nature of Cardiac Rhythm at Baseline
Heart rate reduction at 2 months was slightly but significantly lower in the bisoprolol group in patients with atrial fibrillation (Ϫ8.8Ϯ21.5 bpm) than in patients in sinus rhythm at baseline (Ϫ10.6Ϯ12.4 bpm, Pϭ0.02). The mean blood pressure (systolic and diastolic) decrease at 2 months was similar in patients with atrial fibrillation and in patients with sinus rhythm. In the bisoprolol group, however, patients in atrial fibrillation who later died had a more important systolic blood pressure decrease at 2 months than those who died but who were in sinus rhythm at baseline: Ϫ9.9Ϯ14.5 versus Ϫ4.4Ϯ15.9 mm Hg, Pϭ0.06 (no such difference was observed in patients of the placebo group).
Discussion
The major findings reported here in this complementary analysis of the CIBIS II trial are (1) the confirmation of the prognostic value in heart failure of baseline heart rate and of heart rate reduction with time (baseline to 2 months), the latter being more often obtained with ␤-blockade; (2) the similar benefit of bisoprolol compared with placebo whatever the level of heart rate at baseline and whatever the amplitude of heart rate change with time; and (3) the heterogeneity of bisoprolol effect according to the nature of cardiac rhythm: the benefit of bisoprolol on mortality, cardiovascular mortality, and hospitalization for heart failure was not significant in patients with atrial fibrillation. Our results therefore confirm that heart rate reduction per se in patients with heart failure is associated with survival improvement. Such an effect was, as expected, more often obtained with ␤-blockade. For a given heart rate reduction and for any level of baseline heart rate, however, bisoprolol further improved survival compared with placebo. Such results have an important therapeutic impact, because one could have hypothesized that the benefit of ␤-blockade could have been restricted to heart rate reduction and that such benefit could not be obtained in patients with low baseline heart rate.
One possible link between heart rate reduction and survival is the left ventricular function improvement secondary to the induced reduction of ischemia, which is present to different degrees in dilated ventricles even in the absence of coronary artery disease. 9 Our data clearly indicate, however, that heart rate reduction is not the only mechanism responsible for ␤-blocker-induced benefit in heart failure. Indeed, such benefit was present even without heart rate reduction, and many other different mechanisms have been proposed. 10, 11 No benefit of bisoprolol was observed in patients with atrial fibrillation. This could have been the result of chance only, but a very similar trend was also found in the CIBIS I study. It will be important to see whether this finding is also observed in other studies, such as MERIT 4 and COPERNI-CUS. There is no obvious explanation of such heterogeneity of the effect of bisoprolol according to cardiac rhythm. The bisoprolol dose was similar in patients in sinus rhythm and in patients with atrial fibrillation. Survival curves of patients in the placebo groups were similar between patients in sinus rhythm and atrial fibrillation, and none of the few baseline differences in recorded parameters between patients in sinus rhythm and atrial fibrillation could explain such a difference of the effect of bisoprolol. Even in the bisoprolol group, patients in atrial fibrillation had a slightly lower baseline heart rate, which should have tended to reduce mortality. Analysis of heart rate reduction with time showed that it was slightly lower at 2 months in the bisoprolol group in patients with atrial fibrillation than in those in sinus rhythm. Such lower heart rate reduction could participate in the loss of efficacy of bisoprolol in patients with atrial fibrillation, but its . One-year mortality with SD (Kaplan-Meier estimate) according to heart rate change and study treatment group. Patients were divided into tertiles of distribution of heart rate change over entire population. Bars indicate SD. Figure 5 . One-year mortality with SD (Kaplan-Meier estimate) according to baseline heart rate and study treatment group. Patients were divided into tertiles of distribution of baseline heart rate over entire population. Bars indicate SD.
amplitude (2 bpm difference) does not appear to be sufficient to reasonably explain such a difference. Such results in heart rate are limited, however, by the poor value of the measure of heart rate in the presence of atrial fibrillation when only pulse rate during patient visit is used, and they should be completed with a 24-hour Holter monitoring study.
The bisoprolol-induced systolic blood pressure decrease could play a more deleterious role in some patients with atrial fibrillation. Indeed, the finding in the bisoprolol group of a more important systolic blood pressure decrease at 2 months in patients with atrial fibrillation who subsequently died suggests that when bisoprolol decreased blood pressure to too great an extent (Ϫ10 mm Hg), such a decrease was more deleterious in patients with atrial fibrillation than in sinus rhythm.
In addition to data on heart rate and cardiac rhythm, our analysis provides complementary information:
Women with heart failure have a better prognosis than men, but bisoprolol provides similar benefit (no interaction). This result based on CIBIS II data was presented in detail previously. 12 Systolic blood pressure, which depends partly on left ventricular function, was at baseline positively associated with a better prognosis and fewer hospital admissions. Both systolic and diastolic blood pressure decreased with time but more importantly in the bisoprolol group than the placebo group. The systolic blood pressure decrease with time was per se deleterious and associated with a poorer prognosis and more hospitalizations, but the decrease of diastolic blood pressure, on the contrary, was beneficial and associated with fewer hospital admissions without impact on mortality. Interpretation of these data is not obvious: ␤-blockade improves survival but simultaneously decreases both systolic and diastolic blood pressures, which have opposite effects on prognosis or hospitalization. The diastolic blood pressure decrease could be a consequence of sympathetic tone withdrawal (less systemic resistance), which should be beneficial, but too great a systolic blood pressure decrease as an effect of ␤-blocker could reduce tissue perfusion and/or be a consequence of an altered left ventricular function despite ␤-blocker treatment. When such alteration of left ventricular function occurred despite bisoprolol treatment in the first CIBIS study, it was found to be associated with a deleterious effect on survival. 7 Digoxin treatment was not associated with any change of mortality rate but was associated with a markedly increased frequency of hospital admissions for heart failure worsening (63%). This result provided by the multivariate analysis indicates that digoxin per se increased hospitalization rate after adjustment for the other prognostic factors. Similar findings were observed with amiodarone, which increased the probability of death and rehospitalization. These results mean that independently of the higher level of risk of patients receiving either digoxin or amiodarone at baseline, these 2 treatments in this population were associated with deleterious consequences. One cannot exclude other unknown and therefore unstudied risk factors, however, that may have been more frequent in patients treated by digoxin or amiodarone.
Here again, comparison and pooling of data from the other trials with ␤-blocker treatment in heart failure would be very useful to confirm such findings, which appear to be in opposition to those of previous randomized studies testing digoxin or amiodarone in patients with heart failure.
Clinical implications of our results are as follows: Patients with heart failure in sinus rhythm with the initial lowest heart rate and the greatest heart rate reduction with time (2 months) will have the best prognosis. Bisoprolol-induced benefit over placebo is obtained to a similar extent, however, whatever the level of baseline heart rate and whatever the amplitude of heart rate reduction with time even when heart rate does not decrease. The best results for survival will then be obtained with ␤-blocker treatment when heart rate reduction reaches the highest level, whatever the baseline heart rate (Ͼ10 bpm reduction), without marked systolic blood pressure decrease. To obtain such results for a given patient, dose adjustment may be required. If heart rate reduction Ͼ10 bpm is obtained with a low dose level, however, such dosage should be sufficient to improve survival and could be kept low, especially if systolic blood pressure has decreased.
Additional experiments will be needed to understand the reduction of the long-term benefit of bisoprolol in patients with atrial fibrillation. It could be partly related to the deleterious consequences of a too marked systolic blood pressure decrease when it occurs under ␤-blockade in such patients. A definite therapeutic strategy for ␤-blocker treatment in these patients will depend on the results of the other large-scale clinical trials.
